Abstract. Cerebral malaria is a severe complication of falciparum malaria that occurs infrequently in adults. Here, we describe the case of a 21-year-old man who presented with fever and headache 13 days after returning from a 12-day trip to Kenya and was subsequently diagnosed with falciparum malaria. Complications of cerebral malaria developed within 1 day after the initiation of therapy with intravenous quinine, and the patient entered a deep coma. Magnetic resonance angiography (MRA) revealed multiple vasoconstrictions in his brain. The resulting neurocognitive disorders that persisted after parasite clearance improved gradually, as confirmed by MRA, enabling the patient to perform activities of daily living upon discharge. In this case of cerebral malaria, the MRA findings indicated the involvement of reversible cerebral vasoconstriction syndrome.
INTRODUCTION
Cerebral malaria is a severe complication of falciparum malaria that occurs more frequently in children than in adults. Although among adults, the rates of mortality attributable to cerebral malaria are equal to or higher than those in children, the incidence of neurological sequelae in adults is considered very low. [1] [2] [3] These rare sequelae of adult cerebral malaria mainly include motor dysfunctions rather than cognitive ones. 2 Here, we describe a patient with cerebral malaria who exhibited cognitive sequelae. Magnetic resonance angiography (MRA), which has not usually been performed for cases of cerebral malaria, revealed multiple vasoconstrictions that improved after the treatment of Plasmodium falciparum malaria. These MRA findings suggest an association of reversible cerebral vasoconstriction syndrome (RCVS) 4 with malaria. Previous arterial tonometry and increased cerebral blood flow velocity findings indicate a potential association of arterial vasospasm with cerebral malaria. 5, 6 To our best knowledge, this case is the first reported case of falciparum malaria with RCVS, and our findings support the occurrence of cerebral artery vasospasm in cerebral malaria.
CASE REPORT
An otherwise healthy 21-year-old Asian man complained of fever and headache 13 days after traveling to Kenya and was subsequently referred and admitted to our hospital in April. He had only received a yellow fever vaccine in Japan and had not used a prophylactic agent for malaria or preventive measures apart from a mosquito net during his 12-day visit to the Kisumu Province of Kenya, near Lake Victoria. He had previously been admitted to another hospital on day 3 of his illness. He was referred to our hospital on day 5 of his illness with suspected falciparum malaria.
The patient presented with a low-grade fever, tachypnea, and severe lethargy but remained alert. He also had mild jaundice, facial edema, throbbing pain in the right hypochondriac region, and an enlarged spleen. Hematological investigations revealed the following: white blood cell count, 11. We started intravenous quinine (Quinimax ® , Ambarès, France) therapy with a loading dose of 16 mg base/kg and 8-mg quinine base/kg doses every 8 hours thereafter. This agent was unlicensed in Japan and was provided under a clinical trial after receiving informed consent from the patient and his parents. The next morning, he suddenly presented with deep coma, decorticate rigidity, hyperreflexia, and a bilateral Babinski reflex. We excluded brain hemorrhage, bacterial meningitis, severe bacterial sepsis, uremia, and hypoglycemia based on a blood test, arterial blood gas analysis, brain computed tomography findings, and cerebrospinal fluid and blood bacterial cultures. Electroencephalography showed only a slow wave, with no spike wave suggestive of a subclinical seizure. He was diagnosed with cerebral malaria. Brain magnetic resonance imaging (MRI) and MRA on the 6th day of the illness revealed narrowing and dilatation in multiple cerebral arteries ( Figure 1A ). No lesion suggested malaria retinopathy.
Although the parasitemia was cleared within 4 days after starting treatment, the patient became afebrile after 7 days and developed mild hemolysis without acute kidney injury. We discontinued each of quinine gluconate and clindamycin up to 7 days. On day 12 of illness, the patient became afebrile and could open his eyes upon hearing his name. After discontinuing the antimalarial agents, the patient kept his eyes open without stimulation, but found it difficult to communicate with others and to walk independently. Rehabilitation improved both his physical and brain dysfunctions (Table 1) . Although the MRA findings of vasoconstriction disappeared, mild diffuse cerebral atrophy progressed on day 40 of illness ( Figure 1B) , and he was transferred to a rehabilitation hospital for the residual cognitive disorder. Single-photon emission computed tomography (SPECT) of the brain yielded almost normal findings at approximately 2 months after treatment. Even now, the patient continues to receive physical and occupational rehabilitation to improve the cognitive sequelae that interfere with his daily life.
DISCUSSION
In the present case, the patient experienced brain damage and a sustained cognitive disorder from severe cerebral malaria. The MRA findings, which are rarely obtained in such cases, indicated RCVS. 4 Both adults and children may develop late-onset neurocognitive disorders after cerebral malaria. 7, 8 One prospective and two retrospective studies reported cognitive impairment rates of 14-25% among children. 7, 9, 10 Another study reported that 11.8% of children who survived cerebral malaria reportedly acquired a language disorder. 11 Although these neurocognitive disorders are common in children, they comprise a rare complication of cerebral malaria in adults. [1] [2] [3] However, it remains unclear why this complication is more common in children, although neurocognitive disorders have been associated with tumor necrosis factor expression in the cerebrospinal fluid.
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Several case reports and case series describe the MRI findings of cerebral malaria. Potchen et al. 13 reported the MRI findings of cerebral malaria in 120 children with malaria retinopathy. In that study, basal ganglia involvement was the most common finding and was present in 101 of 120 patients (84.2%), followed by white matter, thalamic, cortical, corpus callosum, posterior fossa, and pontine involvement in descending order. Conversely, in a previous report of adult patients, an increased brain volume was the most common MRI finding (22/24).
14 During the acute phase, the MRA findings of our patient showed multifocal segmental narrowing of the cerebral arteries, suggestive of either central nervous system vasculitis (CNSV) 15 or RCVS. 4 CNSV occurs as a secondary complication in association with autoimmune rheumatic diseases, systemic vasculitis, or infection with varicella zoster virus, human immunodeficiency virus, herpes simplex virus, or fungal organisms. No previous report has described malaria-induced CNSV or presented histopathological evidence of cerebral vessel infiltration by inflammatory cells in the case of cerebral malaria. 16 The MRI findings of cerebral parenchymal abnormalities are very common with CNSV, and these imagingdetected cerebrovascular abnormalities are frequently irreversible. 15 To our knowledge, no other report has described cerebral vasoconstriction detected by MRA in the case of cerebral malaria. Given the reversibility of the cerebral abnormalities in the present case of cerebral malaria, the MRA findings were more likely due to RCVS.
RCVS has been defined as uniphasic, reversible, multiple cerebral artery vasoconstriction without aneurysm; this condition was associated with a thunderclap headache and triggered by various causes. 4 Although the pathogenesis of RCVS is poorly understood, the suspected cause involved the deregulation of the cerebral vascular tone in response to sympathetic hyperactivity, endothelial dysfunction, and oxidative stress. 4 As with RCVS, posterior reversible encephalopathy syndrome (PRES) involves changes in the cerebral vascular tone and endothelial dysfunction, 4, 17 and the clinical and radiographic features of these two entities overlap. Regarding the latter feature, the reversible multifocal cerebral vasoconstriction usually seen in cases of RCVS has also been identified in more than 85% of patients with PRES. 17 Mohanty et al. 18 reported that in 40.7% of patients with nonfatal cerebral malaria, brain MRI indicated findings of PRES or PRES-like vasogenic edema. Although RCVS was not described in this literature, it, like PRES, may be associated with cerebral malaria. Although the previously described finding of PRES was not noted in our case (Figure 1) , such findings may depend on the timing of MRI, as almost all findings of PRES or PRES-like lesions in cerebral malaria patients were reported to improve within 48-72 hours. Although the pathogenesis of cerebral malaria may be associated with microcirculation dysfunction, damage to the blood-brain barrier, and the effects of cytokines, vasoconstriction of the great cerebral artery might also be involved. In addition, P. falciparum-parasitized red blood cells (RBCs), which adhere strongly to endothelial cells and causes endothelial dysfunction, play a key role. 1 Indirect evidence of this vasoconstriction has been reported, although to our best knowledge, there is no report of imaging findings of arterial vasoconstriction related to cerebral malaria. Newton et al. 19 reported that 15 of 50 children with cerebral malaria exhibited increased cerebral blood flow velocity suggestive of a narrowed vessel diameter. 6 The concept of vasospasm in cerebral malaria was further supported by the following observations. These include the rapid reversal of coma and neurological deficits against a vascular obstruction; the findings of unilateral asymmetrical hemispheric changes on MRI and transient hemispheric changes on SPECT in some patients, which were described in some cases as a transient vasospasm in a large supplying artery; the observation of fatal cerebral malaria features without parasitized RBC sequestration or thrombi in the cerebral blood vessels on autopsy; and reactive hyperemia peripheral arterial tonometry exhibiting changes during malaria that were compatible with changes of nitric oxide bioavailability, which could predispose to and cause vasospasm. 5 In conclusion, RCVS might be involved in cerebral malaria. As this report describes a single case, further case series or studies are needed to prove the association between the findings of vasoconstriction and cerebral malaria, especially in cases involving subsequent neurocognitive disorders.
